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ABSTRACT:

The Northern Lakes play a significant role in Egyptian economy for fish production in Egypt. Until 1991, these Lakes have always
contributed more than 40% of the country's total fish production, but at present this has decreased to less than 12.22% as they serve
as reservoirs for drainage waters, which contaminated with anthropogenic materials. Since Remote sensing and GIS are suitable and
valuable techniques to identify the rate of land reclamation of the coastal lakes over the last three decades. This was undertaken
using different kinds of imagery to employ historical remotely sensed data to reveal the long-term changes in the physical
characteristics of the lagoon. This paper explains how remote sensing coupled with GIS can be used for lake monitoring applied on

some Egyptian coastal lakes as example.

1. INTRODUCTION
1.1 General Instructions

Remotely sensed images can be used as a tool to map
ecosystems and to detect, monitor and evaluate changes within
them thereby supporting the development of resource
management strategies. Satellite and airborne systems offer
major opportunities for monitoring large scale, earth surface
characteristics and provide a database for change detection
studies. Remotely sensed data can be used to span temporal and
spatial scales ranging from local to aggregated global systems
(Graetz,1990). Monitoring global, regional and local areas can
be per-formed by restricting the analysis to a single sensor
series or by using different satellite data. With the availability of
data from remote sensing satellites such as the Landsat series, it
has become cost effective and convenient to acquire multi-date
images over a greater array of spatial and temporal scales than
was possible with aerial photography. The temporal resolution
of data (the ability to obtain repeated coverage of a specific
geographic area, 16 days in the case of Landsat TM) from such
sources permits regular image acquisition over the same area
enabling change detection at relatively high tem-poral
frequency,(Lillesand et .al, 1998).

Common types of detectable land cover change, which can be
monitored using remotely sensed data, include vegetation
disturbance and regeneration, agricultural intensification, urban
expansion, spatial changes in aquatic ecosystems and hence
surface water extent, as well as a variety of soil disturbance
processes including overgrazing and soil erosion (Milne,1988)
and (Hall et.al, 1991). Satellite and/or airborne data has been
demonstrated to have particular use for monitoring water and
vegetation changes within aquatic ecosystems including
wetlands,(Howman,1988). Remote sensing techniques can
enable ecologists and resource managers to monitor the
vegetation condition and detect environmental change trends in
regions where difficult terrain, poor access, and extreme climate
conditions make regular field investigations difficult.

Land use and land cover is dynamic in nature and is an
important factor for the comprehension of the interaction and
relationship of anthropogenic activities with the environment.
Knowledge of the nature of land use and land cover change

(LUCC) and their configuration across spatial and temporal
scales is consequently indispensable for sustainable
environmental management and development, (Turner et.al,
1994). LUCC has become one of the major issues for
environment change monitoring and natural resource
management. ldentifying, delineating and mapping of the types
of land use and land cover are important activities in support of
sustainable natural resource management. To understand how
LUCC affects and interacts with environmental systems,
information is needed regarding what changes occur, where and
when they occur, the rates at which they occur, and the social
and physical forces that drive those changes, (Lambin et.al,
1994).

Various techniques have been successfully used in the land
use/land cover classification and change detection, e.g., pixel
based classification, (Foody,1996) and (Duda et.al, 2001),
object oriented classification (Geneletti, 2003), [11], artificial
neural network classification (Elmqvist et. Al, 2008) and
(Kanellopoulos, 1992). -classification comparison change
detection (Liu and Wang (2004) and D Mausel et.al (2004), and
visual interpretation (Serra and Saurr, 2003) and (Liu, 2004).
Post-classification comparison is a common method used for
change detection. This method involves independently
produced spectral classification results from each end of time
interval of interest, followed by a pixel by pixel to detect
changes in cover type. A complete matrix is obtained and
change classes can be defined by the proper coding of the
classification results. The major advantage of this method is the
capability of providing a matrix of change in-formation and
reducing external impact from atmospheric and environmental
differences between the multi-temporal images.

In northern coast of Egypt, remote sensing has made major
contributions to monitoring a variety of wetland systems. El-
(El-Hattab, 2016) used post classification approach to detect
and assess land-cover changes of one of the critical coastal
zones in Egypt, Abu Qir Bay region, based on the comparative
analysis of independently produced classification images of the
same area at different dates. In addition to satellite images,
socioeconomic data were used with the aid of land use model
EGSLR to indicate the relation between Land-cover and land-
use changes. Results showed that changes in different land
covers reflected the changes in occupation status in particular
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zones, change rates increased dramatically in the period from
2004 to 2013 as remarkable adverse changes were found mainly
in fruits and palm trees due to industrialization in the coastal
area. Also, a rapid urban-ization monitored along the coastline
of Abu Qir Bay zone due to the political conditions in Egypt
(25th of January Revolution) within this period.

(Embabi, 2014) used a semi-automated approach based on a
broad range of digital image processing for mapping the major
geomor-phological landforms of the Bardawil Lake on a
medium scale of 1:250,000. The approach is based primarily on
data fusion of Land-sat ETM+ image and validated by other
ancillary spatial data (e.g. topographic maps, Google images,
and GPS in situ data). Interpreta-tions of high-resolution space
images by Google’s Earth and the large-scale topographic maps
(1:25,000), in particular, revealed new microforms and some
detailed geomorphologic aspects of the aid of GPS
measurements. It concluded from geological data and geomor-
phologic aspects that Bardawil Lake is of a tectonic origin.

(Hickmat and Negm, 2016). applied system Maximum
likelihood supervised classification was applied to subsets of
the Landsat Thematic Mapper (TM), En-hanced The sematic
Mapper Plus (ETM+) and Operational Land Imager and
Thermal Infrared Sensor (OLI/TIRS) images acquired on 1984,
1998, and 2015, respectively to monitor changes in Manzala
Lake. The overall accuracy for the classification of the captured
images in 1984, 1998 and 2015 are 83.67%, 86.33%, and
89.33% re-spectively.

(Kafrawy et. Al, 2017) used a combination of LandSat-1(MSS),
LandSat-5 (TM), LandSat-7 (ETM+), SPOT-1, SPOT-4, SPOT-
5, Rapid Eye, and Sentinel-2 Satellite data to analyze temporal
changes in Mariut Lake ecosystem. The analysis’s identified the
rate of environmental changes over the four decades for lake;
this was undertaken using satellite images to employ historical
remotely sensed data to reveal the long-term changes in the
physical characteristics of the Lake.

Finally this paper aim is to demonstrate the utility of remotely
sensed imagery for identifying key environmental features
within coastal Lakes taking Brullus lake as example.

2. STUDY AREA

Northern Lakes from left to right are: Mariout Lake, a salt water
lake, between Alexandria and Al_Bouhaira Governorates; Edko
Lake, salt water Lake, and it located in Al_Bouhaira
Governorate; Burullus Lake, salt water, Western corner of Kafr
el-Sheikh Goveronorate; Manzala Lake in the Mediterranean
delta coast of Egypt near Port Said, Damietta, Dakahlyia and
Shargyia governorates, it is larg-est brackish water ecosystem
and the most productive lake of north-ern coastal lakes (~1071
km2), (Abdel-Satar et.al, 2010); Malaha Lake located in Port-
Said Governorate; Bardawil Lake is salt water Lake in North
Sinai Governorate, as it is fed only by seawater, the lake is
composed of two main basins, and several other internal small
basins interconnected to one another, (Dewidar, 2004).

Burullus Lake is chosen as case study. The Burullus region lies
on the eastern side of the Rosetta branch of the Nile River,
occupying a central position along the Mediterranean Nile delta
coast of Egypt. It extends between longitudes 300 30’ and 310
10° E and latitudes 310 21” and 300 35°N (figure 1). The total
area of Burullus region is about 2068km2, includes the water
body of the lake. Burullus Lake is considered the second largest

lake of the Nile delta, which is about 53km long, 13km wide
and has water depths ranging from 0.5 to 2.5m, (RAMSAR,
2015)

Burullus Lake as shown in figure (1) is connected to the sea at
its north-eastern edge through the Burullus inlet, which is about
250m wide and 5m deep. The northern border is separated from
the Medi-terranean Sea by a strip of land covered with sand
bars and dunes. Seven drains and fresh water canals are
connected to its eastern, southern and western shores. The lake
barriers are sandy and range from 0.4 to 5.5km in width. They
are generally < 1.5m above mean sea level, with beach face
slopes ranging between 50 and 130. Low relief backshore and
fore dunes characterize the western barrier. The eastern barrier
is narrow and backed by coastal barchans dunes. These dunes
encroach landward onto a cultivated coastal flat.

Lake Burullus was declared a protectorate by Prime ministerial
de-cree 1444 /1998, as in 1998 Lake Burullus was approved as
a RAMSAR site in Egypt, the entire area of the lake is formed
of nu-merous islets insides it, as well as the sand bar separating
the lake from the Mediterranean Sea, with a shoreline of about
65 km. It has an oblong shape extends for a distance of 47 km
along NE-SW axis. Its width in the west does not exceed 5 km,
then its increases in the middle to reach an average of 11 km. It
is clear that Lake Burullus had lost about 62.5% of its size
during the last two centuries from 1092 km2 in 1801 to 410
km2 in 2003. Its depth varies between 40 cm near the shores
and 200 cm near the sea outlet (boughaz El-Burullus).

Nine drains discharge into Lake Burullus with a total discharge
of 3904 million m3/year including agricultural, industrial and
domestic wastewater. The Lake serves as reservoir for drainage
waters, from agricultural areas through eight drains in addition
to the fresh water from Brimbal Canal situated in the western
part of the lake. Chemical pollution inside the Lake indicates an
industrial growth in the region. The lake’s high nutrient
environment allows aquatic plants to grow extensively. The
subsequent sediment accumulating around roots of the plants
effectively sub-divides lake and effects water circulation. In
addition, Total suspended solids TSS values are very high,
which means high pollution of organic and non-organic material
from industrial and agriculture waste. Declining of salinity
levels inside the lake is considered as a problem. Total
percentage by weight of marine fish species such as Liza
Ramada decreased from 16% in 1973 to less than 1.8 % in 2003
and fresh water fish; Tilapia increased from about 81% to 98.2
%.,( Kassas, 2002)

The shallow brackish Lake is mainly affected by uncontrolled
creeping of development areas and growing inflow of untreated
agriculutural, municipal and industrial drainage water. In
addition, there is a lack of permanent continuous and up to date
monitoring system capturing the fundamental hydrodynamics
and water quality parameters inside the lake system. The main
water quality problems in the Lake are the declining salinity
level and deteriorating of the water quality of the water inside.
Lake Burullus declined from 32 species to 25 ones. All species
which have disappeared from the lake are of marine origin.
Total fresh water fish increased from 81.7% to 98.18% by
weight during the period between 1971 and 2003, while the
total marine fish decreased from 15.99% to 1.81 % by weight as
the salinity levels are decreasing according to massive increase
of agricultural drainage water inflow. In spite of self-
purification capacity and increasing in the number of aquatic
plants, the environmental quality of water in Lake Burullus had
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been deteriorating. To conclude, all these circumstances lead to
the necessity of establishment of a proper management system
to control pollution inside the Lake, (Zingstra, 2013).

Also, from the information and review published there are
different records are reported for the shoreline and size of the
Lake have al-ways been rather dynamic, all these records are
proved that there is declination in Lake Burullus surface area. In
1810 the recorded size of the Lake was 1092 km2 and gradually
the Lake size decreased from 50.270 ha in 1984 to 41.000 ha in
1997 and the circumference from 160.0 km to 143.0 km in the
same period. Other information indicate a surface of 57,120 ha
in 1953 and 42,420 ha in 2000. The management plan indicates
a surface of the Lake of 41,000 hectares and the surface of the
open water of 37.000 hectares.

According to analyses of satellite images performed in the frame
of the assessment the surface of open water is 32,460 hectares
(in 2011), reed beds occupy 16.828 hectares and marsh
vegetation 3506 hectares; total: 52,898 hectares . Another study
was carried out to map the change of the surface area of the
Burullus Lagoon in the Nile Delta using the water indices
approach. A set of six satellite images acquired between 1973
and 2011 was employed and the normalized difference water
index (NDWI) and the modified normalized difference water
index (MNDWI) was applied to quantify the change in the
water body area of the lagoon during the study period. Results
showed that the lagoon lost 42.8% of its open water area due to
the severe anthropogenic activities, such as the reclaiming of its
southern margins for agricultural purposes and the filling
caused by the discharge of agricultural wastes ,(Hesham , et.al,
2013).

According to the Management Plan the Lake area decreased
during the period 1983 to 1991 with an average rate of 8.600
hectares per year. From 1983 to 1985 the area decreased with
5500 hectares and towards the 1990 the rate decreased further,
Wenbo et.al, 2013).

Thus, a good inventory and map of lake system using remote
sensing techniques is very useful to understand the spatial
distribution of the lake and their linkage with other land units.
This will help in planning, management and conservation of
lake.
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Figure.1 The Burullus Region

3. METHODOLOGY
3.1 Lake delineation using remote Sensing data

Primarily, in this work Landsat 8 (OLI) 30m data for years 2013
and 2015 have been used. The high and low flow discharged
from the drainage system are considered in acquired dates
where the high flow is in summer (June, July and August) and
the low flow in win-ter (December, January and February). The
two acquired images are in February 2015 (winter) and July
2015 (summer). The spring sea-son is also very important in
monitoring the changes in vegetation areas in the lake.
Therefore, the third acquired image is in May 2013. The
multispectral images Landsat 8 operational land imager (OLI)
images downloaded from http://glovis.usgs.gov/.Detailed
characteristics of the satellite data as wavelengths, spectral
bands and spatial resolution are displayed in Table (1).

Table (1) Characteristics of satellite sensors data used in Bu-
rullus Delineation

Image Code *Image Wavelength
Acquisitio | (micrometers)
n Date
LC81770382013142LGNO | 22 May | Band 1 - Coastal
1 2013 aerosol  0.43 -
0.45
Band 2 - Blue
0.45-0.51
LC81770382015036LGNO | 05 Band 3 — Green
0 February 0.53-0.59
2015 Band 4 — Red 0.64
-0.67
Band 5 - Near
Infrared (NIR)
LC81770382015196LGNO 0.85-0.88
0 15  July | Band 6 - SWIR 1
2015 1.57 - 1.65
Band 7 - SWIR 2
211-2.29
Band 8 -
Panchromatic 0.50
-0.68
Band 9 — Cirrus
1.36 - 1.38
Band 10 - Thermal
Infrared (TIRS) 1
10.60 - 11.19
Band 11 - Thermal
Infrared (TIRS) 2
11.50 - 12,51

*Spatial resolution (m): 30 m, No. of spectral bands:12 bits

The ground truth points applied in this work carried out in 9 to
11 May 2013, which is very close to close to the image
acquisition month 22 May 2013. The total number of these
ground truth points are (42) covering the four main classes
(water, vegetation, sand and fish farms) at the lake and its
surrounded area. More than 50% of that collected points were
for water class because that mission objective was water quality
sampling and measuring the light distribution in the water
column for validation and calibration satellite data (eg MERIS).
Additional Ground truth data was collected for environ-mental
affairs agency (EEAA) 12 points are measured four times per
year as and reburial activities. The ground truth points
distribution over the lake Burullus wetland area are represented
in figure (2).
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Figure (2) Ground truth points distribution (Image date, May
2013)

3.2 Developing Lake Water surface

In Lake Burullus delineation is carried out by applying the
super-vised classification (Maximum Likelihood), two band
vegetation in-dices as Normal Difference Vegetation Index
(NDVI) and Normal Difference Water Index (NDWI). The
detailed of lake surface water delineation and classification
procedures and water mask extracting are displayed in details in
Figure (3).

In this study the specific indices NDVI and NDWI and
wavebands, the thresholds for separating water body from other
wetland features are defined for the acquired Landsat images.
The (NDWIs), calculated from various band combinations,
green, near-infrared (NIR) or shortwave-infrared (SWIR), have
been successfully applied to Burullus mapping. NDWI is
attributed to the optical properties of the surface water in terms
of its relationship with the electromagnetic radiation. The near
infrared radiation is generally less absorbed by the water body
than the middle infrared band at the time where the green band
absorption is constant giving this difference in the threshold
values.

NDWI = Agresn—ANIR
BgreentiONIR

Where, pGreen and pNIR are the reflectance of the green and
NIR bands, respectively. NDWI is designed to (1) maximize
the reflectance of a water body by using green Wavelengths, (2)
minimize the low reflectance in NIR of water bodies, and take
advantage of the high reflectance in NIR of vegetation and soil
features. As a result, the water body information will be
enhanced and the background (vegetation and soil features)
information will be restricted in NDWI images, vegetation and
soil features,[22].

Theoretically, negative value of NDVI is corresponding to
water, so the NDVI developed images is also used in
determining the open water surface.

NDVI = Pred — Pnim
Pred T Onim

The thresholds values for NDWI are varied from 0.05 to
0.15according to varied water characteristics for each image ac-
quired, where the NDVI values are ranged from -0.12 to -0.26.
The water open surface was estimated for each developed water

mask, there is variation was slightly noticed and it could be
acceptable re-sults compared with the recent study published in
2013 where the open water surface area was 32,460 hectare.

Delineated
Wetlands
boundary

(Lake and adjacent
Admin. Districts)

Extracting
Water Mask
(Lake surface
water area)

Band 5
(separating water body and
other features.

NDVI and NDWI images

Class
Identification
Visualize the

enhanced images
in RGB FCCs+
Training Sample

Class
Aggregation

Check the
accuracy
satisfacto
v

No

Figure (3) Flow chart of classification process applied

3.3 Lake Burullus wetland area classification

The classification of Burullus wetland is carried out by applying
un-supervised and supervised classification technique
(Maximum likelihood). Five classes are defined, these are
Water, Fish ponds, Vegetation, Agriculture and Sand &urban
area. The boundary of the classified area is defined first by the
selected five administration boundary surrounded to the Lake.
The training sample layer is constructed for each image based
on the ancillary data, Google maps and collected information at
field work.

The wunsupervised and supervised methods (Maximum
Likelihood)) are applied in land use wetland area. Five classes
are defined, these are: open water surface area, irrigated area
(Agriculture class), vegetation, fish aquaculture farms and sand
bar & urban areas.

The accuracies were assessed using the ground truth points plus
reference points from Google earth maps. The total number of
the points is applied to check the accuracy 292 point. Ground
truth 42 point and 250 are reference point. The error matrix is
constructed to assess the accuracy for each class and over all
accuracy.

4. RESULTS AND DISCUSSIONS

Figure (4) and Figure (5) represent NDWI and NDVI images in
dates May2013 and July2015 respectively. Figure (6) displays
the open water surface area in acquired dates. Figure (7)
displays Landsat L8 imaginary July 2015 in false composite
color (FCC) where figure (8) shows extracted water mask
imposed the classified images July 2015.Figures (9), (10) and
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Figure (4) NDWI Map of Lake Burullus (May 2013)
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Figure (5) NDVI Map of Lake Burullus (July 2015) Figure 8) Water Mask July 2015 combined with classified
image (FCC RGB)
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Figure (6) Lake Burullus Water Mask for acquired Imaginary

Figure (9) Classification Map May 2013
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Figure (11) Classification Map July 2015

Table (2) summarizes each identified class area in three
different dates plus the reported recent study was interested in
classification of Lake Burullus land use.

Table (2) Extracted Areas for each Lake Burullus Wetland
Land use classes

Table (3) Extracted Areas for each Lake Burullus Wetland
Land use classes

Class Name | Class Accuracy (%)
May | February | July
201 | 2015 201
3 7
Water 95.0 | 934 925
Fish 88.8 | 89.0 87.6
Aquaculture
Agriculture | 95.8 | 94.4 96.1
Vegetation | 89.3 | 88.6 87.3
Sand & | 87.6 | 86.8 85.4
Urban areas

5. CONCLUSIONS

In this paper, it has been shown that information from satellite
re-mote sensing can play a useful role in understanding the
nature and extent of changes in lake land use/ land cover and
lake size/ delineation, where they are occurring and monitoring
these changes at local scale. The first objective of this paper is
to illustrate how remote sensing and GIS techniques can be used
to map and determine the nature, extent and rate of changes
land use/land cover changes taking the Burullus region as case
study use. The maximum likelihood super-vised classification
and the post-classification comparison change detection are
applied in order to detect the land use/land cover changes along
the north part of the Nile delta, by using the ERDAS IMAGINE
software. The results analysis can help the output planners
optimize the use of natural resources and accommodate
development whilst minimizing the impact on the environment.

6. RECOMMENDATIONS

. It is recommended to manage coastal development
through coastal zone planning and enforcement to prevent
unsound land development; implementing erosion control
measures; improving sewage treatment, and developing tourism
in sustainable ways. Results indicate all the environmental
stresses that lead to changes, and it recommended that
government parties should improve the monitoring, data
collection, satellite images’ analysis and evaluation system.

. It is recommended also to Examine the water inflow

£ 41 H ]
v ayreun

I Aot
drarurariaycudq

Il A A £E
arsSanu uricTeinT

Arat ] ]
urarmsrcyuiran

Class Nazme/ Satellite image to control polluted water inflow into this lake,|and monitor and
Area (Km°) optimize-the-water—¢tatity-ofrthistake—The—take-would-nee
May 2013 February July 2017 large quantitigs of freshwater inflow to recover|its ecology.
2015 . To-tachieve—sustainable—development—ofthe—coastal
Water 323.3 321.7 314.4 zone, ¢o %mes—shouh—net—b&ha;dlee—separately—fmm
Fish wx 418.9 4304 436.2 the rest of the ecosystem and pther resource demands. Decisior
Aquaculture makers should plan to establish a strategy to keep Egyntia
Agriculture 1250.3 1265.6 1308.9 lakes like the revision of fisheries laws, improving the syste
Vegetation 229.2 2346 2298 for collecting] compiling fishefies statistics, etc
Sand & | 2578 249.9 247.2 . Evaluation of other Egyptian lakes could be
Urban areas conducted tolobtain a more tomprehensive assessment of th

overall condition of the Egyptian lakes, and include other
processes and activities, which may affect the state of other
Egyptian lakes.

. Furthermore, this study has only focused on the
application of remote sensing and GIS, on Vegetation and water
classification. Further studies need to conduct, to explore other
new techniques of remote sensing and GIS like
Hyperspectraland Lidar, in lake monitoring, management, and
for sustainable water resources management.
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